Abstract
Introduction

59
New psychoactive substances (NPS) are emerging narcotic or psychotropic drugs that The analysis of wastewater to estimate (illicit) drug consumption based on biomarkers, 71 has traditionally focussed on the most common illicit drugs -cocaine, cannabis, , 2016; Borova et al., 2015; Castrignanò et al., 2016; Chen et al., 2013; Kankaanpää 79 et al., 2014; Kinyua et al., 2015a; Mwenesongole et al., 2013; Reid et al., 2014; Senta et 80 al., 2015; van Nuijs et al., 2013) . Within these studies, the most commonly detected 81 NPS in wastewater are mephedrone and MDPV, generally found at the low ng/L range.
82
made. Special emphasis is placed on the reliable confirmation of the NPS detected in 108 water, with up to three SRM transitions being acquired, which, together with ion ratios, 109 allowed simultaneous detection, quantification and confirmation of positive samples.
Experimental 111
Chemicals and Materials
112
See Supporting Information for this section as well as the structures of all compounds 113 ( Figure S1 ). 
114
Samples
Instrumentation
124
A Waters Acquity UHPLC system (Milford, MA, USA) was interfaced to a triple were quantified using butylone-d3 and methylone-d3, respectively. These ILIS were 162 chosen based on their ability to correct for matrix effects as well as having similar 163 retention times and chemical structures closely related to the analyte of interest.
164
The performance of the method was evaluated in terms of linearity, limits of detection 165 and quantification, accuracy and precision.
166
The linearity was studied by analysing standard solutions in solvent in triplicate at seven 167 concentration levels ranging from 0.5-100 ng/L. Linearity was deemed satisfactory 168 when the correlation coefficient (r) was >0.99, using weighted (1/X) least squares 169 regression.
170
For limits of quantification and detection (LOQ and LOD), two different concentration 171 levels (1 and 5 ng/L) were tested so as to provide a more accurate measure. 
Results and Discussion
189
Selection of Compounds
190
Only parent compounds were selected for this study. This is based on the previous 191 metabolism studies performed on the selected ten as well as related NPS in human and 192 rat urine (Caspar et al., 2015; Ibáñez et al., 2016; Kamata et al., 2006; Mardal and 193 Meyer, 2014; Meyer et al., 2010; Uralets et al., 2014) , which showed that in spite of the 194 number of metabolites identified, the parent compound could still be detected in urine.
195
It has also been shown that the metabolic patterns of selected phenethylamine-based
196
designer drugs show rather slow metabolism rates, with parent drugs being the primary 197 biomarkers of consumption (Lai et al., 2015; Senta et al., 2015) , somewhat expected 198 due to their structural similarity to amphetamine and MDMA (Ort et al., 2014) .
199
In addition, for the phenethylamine-based 25-X-NBOMe compounds, the parent 
Instrument Optimisation
203
Initially, all cone voltages were optimised concurrently for all compounds, using a quantification (Q) while an additional one (or two) were selected for confirmation (q).
209
Some compounds only had two product ions of significant intensity, meaning that only 210 two transitions (i.e. Q and q1 only) could be monitored ( , 2015) . This led to a reduction in matrix interferences, giving 248 higher sensitivity and peak shapes for the majority of the compounds ( Figure S2 ). The
249
SPE procedure followed for the HLB cartridges was the same as in previously published 250 studies. (Bade et al., 2015; Bijlsma et al., 2014) 
251
Higher recoveries were obtained when using Oasis MCX cartridges ( Figure S3 ) and 252 therefore these were selected for further optimisation. For the washing step, water, pure
253
MeOH and acidified MeOH (pH 2) were tested. Drying under vacuum (or not) was also 254 tested, to determine the optimal washing/drying steps ( Figure S3 ).
255
As seen in Figure S3 , the optimal SPE procedure involved washing with 5mL acidified 256 methanol and drying for 10 minutes, with recoveries ranging from 83%-93% ( Figure   257 
S3, MCX 3).
258
In previous methods for NPS using MCX cartridges, different percentages of ammonia 259 in methanol have been used for elution, ranging from 0.5% to 4% (Kinyua et al., 2015a; 260 Reid et al., 2014; Senta et al., 2015; van Nuijs et al., 2013 
Method Validation
266
Before applying the developed methodology to IWW samples, the method was fully for potential matrix interferences that could affect the q/Q ratios and consequently, the 290 confirmation process. As Table 2 shows, average q/Q deviations were all below 30% guidelines, which were being followed in this work. This led to the LOQ for these two showing significant matrix enhancement ( Table 2) . To correct for these interferences,
308
ILIS were included in the calculation:
309
Matrix effects (%) = average peak area (Set 1,ILIS) / average peak area (Set 2,ILIS)
average peak area (Set 1) / average peak area (Set 2) × 100
310
Including ILIS to the calculations led to corrected matrix effects under 10% for all 311 compounds.
312
Additional data pertaining to the use of ILIS is shown in Milli-Q water) can be found in the supporting information (Figures S4-S7 ). These 344 results also mirror those of the recent studies of Senta et al (Senta et al., 2015) , and Reid 345 et al (Reid et al., 2014) , who investigated the stability of some of these compounds.
346
Although compounds were found to be stable at pH 2 and -20ºC for at least one week, analyzed) spiked at LOQ and 10×LOQ levels, were also analysed. QC recoveries were 361 considered satisfactory when they were in the range of 70-120% for each analyte. compatibility with the standard (in the form of the QC), at least two transitions, and ion 379 ratio within 30% for at least one confirmation transition. It must be noted that the q2/Q 380 ratio for both MDPV and methylone are outside the accepted ±30% ion ratio window, 381 but as the q1/Q ratio for both are within the window, both can be confirmed.
As shown in
With quantification methods, it is easy to distinguish positive findings from negative, 384 using strict criteria such as ion ratio (±30%), retention time (± 0.1 min) and at least one 385 additional, confirmatory transition. However, there are some scenarios where the rulings 386 are not so obvious.
387
For some compounds, only one, the most sensitive, transition may be observed, but may one q/Q ratio is within the ±30% threshold, the fact that the retention time is greater 403 than 0.10 minutes from the standard is enough evidence to say that this is not butylone. effects. An additional study was also made into the stability of these compounds in five 420 matrices at -20°C, 4°C and 20°C, with advice given on the optimal means of storage.
421
The method was tested on samples from throughout Europe, with mephedrone, 
